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Figure S1: Representative GC chromatogram corresponding to the reaction of thiophenol and EDA in the presence of wild-type Mb as the catalyst. The peaks corresponding to the S−H insertion product, -(phenylthio)acetate (3), and the internal standard are labelled. Thiophenol elutes at 2.42 min and is completely consumed in the reaction. Trace amounts of diphenyldisulfide (labeled with *) are observed in the reaction mixture. Reaction conditions: 20 M Mb (0.2 mol%), 10mM thiophenol, 20 mM EDA, 10 mM dithionite in oxygen-free phosphate buffer (pH 8.0).
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Figure S2:Plot of percentage of conversion over time for Mb-catalyzed formation of -(phenylthio)acetate (3) from thiophenol and EDA. Conversion was determined by gas chromatography using calibration curves with isolated 3.Reaction conditions: 20 M Mb, 10mM thiophenol, 20 mM EDA, 10 mM dithionite in oxygen-free phosphate buffer (pH 8.0).
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Figure S3: Representative chiral GC chromatograms corresponding to product 21 (a) as authentic racemic standard synthesized using Rh2(OAc)4catalyst,(b) as produced from the reaction with Mb(F43V) (Entry 3, Table 3 ), (c) as produced from the reaction with Mb(F43V) under optimized conditions (Entry 8, Table 3 ). The two enantiomers of 21 are labeled ent-A and ent-B.
(a) Ni-affinity chromatography using the following buffers: loading buffer (50 mM Kpi, 800 mM NaCl, pH 7.0), wash buffer 1 (50 mM Kpi, 800 mM NaCl, pH 6.2), wash buffer 2 (50 mM Kpi, 800 mM NaCl, 250 mM glycine, pH 7.0) and elution buffer (50 mM Kpi, 800 mM NaCl, 300 mM L-histidine, pH 7.0). After buffer exchange (50 mM Kpi, pH 7.0), the proteins were stored at +4 °C. Myoglobin concentration was determined using an extinction coefficient ε410 = 157 mM Table 1) were carried out at a 400 μL scale using 20 μM myoglobin, 10 mM thiophenol, 5 mM EDA, and 10 mM sodium dithionite. In a typical procedure, a solution containing sodium dithionate (100 mM stock solution) in potassium phosphate buffer (50 mM, pH 8. Reactions for TTN determination were carried out according to the general procedure described above using 2.5 µM Mb(L29A, H64V), 10 mM thiophenol (10 µL of 0.4 M stock solution in methanol), and 20 mM EDA (10 µL of 0.8 M stock solution in methanol).
S-H insertion reactions. Initial reactions (
Preparative-scale reaction. A solution containing sodium dithionate (100 mM stock solution, 1 mL, 10 mM) in potassium phosphate buffer (50 mM, pH 8.0, 5.87 mL) and 466 μL of MeOH(>5% of reaction volume) was degassed by bubblingargon into the mixture for 20 min in a sealed vial. A buffered solution containing 20 μM Mb(L29A, H64V) (2.63 mL of 76 μM stock solution) was carefully degassed in a similarmanner in a separate vial. The two solutions were then mixed together via cannula. Reactionswere initiated by addition of 10.3 μL of pure thiophenol, followed by the addition of 24 μL of pure EDAwith a syringe, and the reaction mixture was stirred for 12 h at room temperature, under positiveargon pressure. The reaction mixture was extracted with dichloromethane (4 x 10 mL), organiclayer evaporated under reduced pressure and the residue was purified by flash columnchromatography (10% ethyl acetate in hexanes) to yield product 3 as colorlessliquid (13.2 mg, 67%).
Product analysis:The reactions were analyzed by adding 20 µL of internal standard (benzodioxole, 50 mM in methanol) to the reaction mixture, followed by extraction with 400 µL S10 of dichloromethane and separated organic layer was analyzed by GC-FID (see Reagents and Analytical Methods section for details on GC analyses). Calibration curves forquantification of the different S-H insertion products were constructed using authentic standards prepared synthetically using Rh2(OAc)4 as the catalyst as described in Synthetic Procedures. All measurements were performed at least in duplicate. For each experiment, negative control samples containing either no enzyme or no reductant were included.
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Synthetic Procedures:
General procedure for Rh-catalyzed authentic S-H insertion products:
To a flame dried round bottom flask under argon, equipped with a stir bar was added thiol (1 equiv.) and Rh2(OAC)4 (5 mol%) in dichloromethane (2-3 mL). To this solution was added a solution of diazo compound (1 equiv.) in dichloromethane (1-2 mL) by slow addition over 30-45 minutes at 0 o C.The resulting mixture was stirred at room temperature for another 2-3 hour. The solvent was removed under vacuum and the crude mixture was purified by 9:1 hexanes to diethyl ether using flash chromatography to obtained S-H insertion products in good to excellent yield.
The identity of the S-H insertion productswas determined using GC-MS, 
Ethyl 2-(p-tolylthio)acetate (11)
Following the standard procedure, % yield (79) 
Ethyl 2-((4-chlorophenyl)thio)acetate (13)
Following the standard procedure, % yield (85) 
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Ethyl 2-((4-bromophenyl)thio)acetate (14)
Ethyl 2-((4-(trifluoromethyl)phenyl)thio)acetate (15)
Following the standard procedure, % yield ( 140.5, 128.7, 128.5, 128.2, 128.1,127.3, 125.8, 125.7, 125.1, 122.9, 120.7 61.8, 35.3, 14 .0 ppm.
Ethyl 2-(m-tolylthio)acetate (16)
Following the standard procedure, % yield (81) 7, 138.8, 134.7, 130.5, 128.8, 127.8, 126.9, 61.5, 36.7, 21.3, 14 .1 ppm.
Ethyl 2-(o-tolylthio)acetate (17)
Following the standard procedure, % yield (84) 129.4, 126.8, 126.6, 61.5, 35.9, 20.3, 14 .1 ppm.
tert-Butyl 2-(phenylthio)acetate (18)
Following the standard procedure, % yield (86) δ 168. 8, 135.3, 129.8, 128.9, 126.7, 81.9, 37.7, 27 .9 ppm.
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Cyclohexyl 2-(phenylthio)acetate (19)
Following the standard procedure, % yield (78) 129.9, 128.9, 126.8, 73.9, 36.9, 31.4, 25.3, 23 .5 ppm.
Benzyl 2-(phenylthio)acetate (20)
Following the standard procedure, % yield ( 6, 135.3, 134.8, 130.1, 129.1, 128.6, 128.4, 128.3, 127.0, 67.3, 36 .7 ppm.
Ethyl 2-(phenylthio)propanoate (21)
Following the standard procedure, % yield (62), GC-MS m/z (% relative intensity): 210(41.9), 137(100), 109(24. 7, 133.0, 128.9, 127.9, 61.2, 45.2, 17.3, 14 .0 ppm.
Ethyl 2-(benzylthio)acetate (28)
Following the standard procedure, % yield (81) 4, 137.2, 129.2, 128.5, 127.2, 61.3, 36.3, 32.3, 14 .2 ppm.
Ethyl 2-((4-methylbenzyl)thio)acetate (29)
Following the standard procedure, % yield (76) 33.6, 32.6, 31.7, 29.1, 28.9, 28.7, 22.5, 14.1, 13.9 ppm.
Benzyl 2-(benzylthio)acetate (34)
Following the standard procedure, % yield (82), GC-MS m/z (% relative intensity): 272(1.6), 6, 135.7, 128.5, 128.3, 66.9, 43.9, 33.1, 32.0, 25.9, 25 .7 ppm.
Ethyl 2-(phenylthio)pent-4-enoate (38)
To a flame dried round bottom flask under argon, equipped with a stir bar was added allyl phenyl sulfide(1 equiv.) and Rh2(OAC)4 (5 mol%) in dichloromethane (2-3 mL). To this solution was 
